A novel halophilic, filamentous actinomycete strain, designated AFM 10258 T , was isolated from a sediment sample collected from the Dead Sea of Israel. The isolate grew with 10-35 % NaCl and did not grow without NaCl. The isolate formed white aerial mycelium and long spore chains, and two spores were separated by sterile mycelium. The spores were non-motile, spherical and rugose-surfaced. The isolate contained meso-diaminopimelic acid as the diagnostic diamino acid and galactose and arabinose as the major whole-cell sugars. The polar lipids were diphosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol and three unknown phospholipids.
Since the first halophilic, filamentous actinomycete, Actinopolyspora halophila, was reported [1] , more and more filamentous actinomycetes which can grow with and tolerate high salt concentrations have been discovered and cultured in recent years. However, halophilic actinomycetes constitute a relatively heterogeneous group belonging to different families, such as Pseudonocardiaceae, Actinopolysporaceae and Nocardiopsaceae. In the family Pseudonocardiaceae, several genera, such as Saccharopolyspora, Saccharomonospora, Amycolatopsis, Prauserella and Yuhushiella include a number of halophilic species [2] . Four of the five genera in the family Nocardiopsaceae, including Streptomonospora, Nocardiopsis, Haloactinospora and Marinactinospora, contain several halophilic species [2] . The family Actinopolysporaceae, which includes the genera Halopolyspora and Actinopolyspora, consists entirely of halophilic species [3] [4] [5] [6] [7] [8] [9] [10] [11] .
To our knowledge, halophilic actinomycetes have been isolated from various saline ecosystems, such as saline soils, salt lakes, brines and seawater. Recently, during our investigations of the actinomycete diversity of the Dead Sea, over 100 halophilic actinomycete strains, which cannot grow without NaCl, have been isolated. In addition to the above-mentioned genera and species, a novel species, 'Amycolatopsis flava' [12] , has been found based on the phylogenetic analysis. Here, we report on the classification and characterization of strain AFM 10258 T and propose a novel genus and species to accommodate the strain.
Strain AFM 10258
T was isolated from a sediment sample collected from the Dead Sea in Israel, and incubated for 30 days at 28 C on CMKA medium containing 20 % multisalts. The multi-salts comprised 49 % (w/w) MgCl 2 , 32 % (w/w) NaCl, 14 % (w/w) CaCl 2 and 5 % (w/w) KCl. The strain was grown and maintained on modified potato dextrose agar (PDA) medium, containing (per litre): 200 g potato (boiled and filtered), 18 g agar and 15 % (w/v) multisalts. Cultural characteristics were determined after incubation at 28 C for 15 days on Czapek's agar [13] , nutrient agar, PDA, International Streptomyces Project (ISP) 2, ISP 3, ISP 4 and ISP 5 [14] supplemented with 15 % (w/v) multi-salts. The colours of substrate and aerial mycelia and any soluble pigments were determined with colour chips from the ISCC-NBS colour charts [15] T were examined by light microscopy (B5; Motic) and scanning electron microscopy (S-4800; Hitachi) after incubation for 20-30 days on modified PDA medium with 15 % (w/v) multi-salts. Growth was determined over a range of temperatures C) and pH (3.0-12.0) as described by Xu et al. [16] in peptone water medium supplemented with 15 % (w/v) multi-salts. Carbon and nitrogen sources utilization were examined by using the medium of Smibert and Krieg [17] supplemented with various substrates and 15 % multi-salts. Tolerance to different NaCl concentrations (0-35 %, w/v) were tested on CMKA medium. Gram staining was carried out by using the standard Gram reaction [18] . Oxidase activity was determined by using Oxidase Reagent (Marcy I' Etoile, France). Catalase activity was determined by assessing bubble production with 3 % (v/v) H 2 O 2 , according to the methods used by Smibert and Krieg [17] . The other physiological tests were carried out as described by Gordon et al. [19] .
T was an aerobic, Gram-stain-positive filamentous actinomycete. Growth was good on PDA, nutrient agar and ISP 3, and weak on ISP 2 and ISP 4. No growth was observed on Czapek's agar and ISP 5. The aerial mycelium was white on PDA, nutrient agar and ISP 3. The substrate mycelium was light yellow on PDA, and yellowish-white on nutrient agar and ISP 2. No soluble pigment was produced. The substrate mycelia were well-developed, but fragment into rod-like elements. Aerial mycelia developed well with long spore chains (Fig. 1) . The spore chains were straight and two spores were separated by sterile mycelium. The spores were non-motile, spherical (1.4 µm in diameter) and rugose-surfaced. The temperature and pH ranges for growth of strain AFM 10258 T were 20-45 C and pH 5.0-12.0, with optima at 28 C and pH 7.5, respectively. The NaCl concentration range for growth was 10-35 %, with optimal growth occurring with 20 % NaCl, showing that strain AFM 10258 T was a extremely halophilic actinomycete. Other physiological and biochemical characteristics of strain AFM 10258 T are given in the species description.
Biomass of strain AFM 10258
T for chemical and molecular analysis was obtained by growth on modified PDA medium at 28 C for 15 days. Whole-cell sugars and cell-wall amino acids were detected by HPLC after pre-column derivatization with 1-phenyl-3-methyl-5-pyrazolone [20] . Polar lipids were analysed by two-dimensional TLC according to the methods of Minnikin et al. [21] . Menaquinones were isolated according to Collins et al. [22] and were analysed by HPLC [23] . For fatty acid analysis, biomass was obtained after growth on TSA at 28 C for 10 days. Extraction and analysis of fatty acids were performed as described by Sasser [24] by using the Microbial Identification System (MIDI) (Sherlock version 6.1; MIDI database TSBA6). Genomic DNA of strain AFM 10258
T for the determination of G+C content was prepared according to the method of Marmur [25] . The G+C content of the DNA was determined by reversed-phase HPLC of nucleosides according to Mesbah et al. [26] .
Strain AFM 10258
T contained meso-diaminopimelic acid as the cell-wall amino acid, with galactose and arabinose as the whole-cell sugars. The predominant menaquinone was MK-9(H 4 ). The polar lipids were diphosphatidylglycerol, phosphatidylmethylethanolamine phosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol and three unknown phospholipids (Figs S1 and S2, available in the online Supplementary Material). Major fatty acids were anteiso-C 17 : 0 (22.9 %), iso-C 16 : 0 (18.4 %), iso-C 15 : 0 (14.9 %), C 17 : 1 !8c (8.9 %), anteiso-C 15 : 0 (8.8 %), iso-C 17 : 0 (7.2 %) and summed feature 9 (iso-C 17 : 1 !9c and/ or 10-methyl C 16 : 0 , 4.9 %). The G+C content of DNA of strain AFM 10258 T was 62.8 mol%. The chemotaxonomic data for strain AFM 10258 T are different from the families Actinopolysporaceae and Pseudonocardiaceae (Table 1) .
Extraction of chromosomal DNA and PCR amplification of 16S rRNA gene were performed as described by Li et al. [27] . The 16S rRNA gene sequence of strain AFM 10258 T was aligned manually with reference strains retrieved from the DDBJ/EMBL/GenBank databases via the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) [28] . Phylogenetic trees were reconstructed using MEGA software version 5.0 [29] with the neighbour-joining [30] , maximum-parsimony [31] and maximum-likelihood [32] algorithms, respectively. The topologies of the phylogenetic trees were evaluated by the bootstrap resampling method of Felsenstein [33] with 1000 replicates.
The almost-complete 16S rRNA gene sequence (1518 bp) of the isolate was determined. 16S rRNA gene sequence analysis indicated that strain AFM 10258 T shared low sequence similarity with the closely related representatives of the families Pseudonocardiaceae and Actinopolysporaceae. Strain AFM 10258
T has the highest 16S rRNA gene sequence similarity to Saccharopolyspora gloriosae YIM 60513 (GenBank accession no. EU005371; 94.47 %). Sequence similarities with members of other genera of the family Pseudonocardiaceae were below 92.95 %. The 16S rRNA gene sequence similarity between strain AFM 10258 T and the genus Halopolyspora of family Actinopolysporaceae was 93.76 %, and below 90.12 % with the genus Actinopolyspora. In the phylogenetic tree based on the neighbour-joining algorithm, strain AFM 10258 T formed a robust clade with members of the family Actinopolysporaceae with bootstrap support of 99 % (Fig. 2) . Topologies of phylogenetic trees built using the maximum-likelihood and maximumparsimony algorithms were similar to that of the tree reconstructed by neighbour-joining analysis.
T was different from members of other genera of the families Actinopolysporaceae and Pseudonocardiaceae in some morphological and physiological properties ( Table 1 ). The spores of strain AFM 10258
T were rugosesurfaced, and the spores were separated from each other by sterile mycelium, whereas the spores of members of the genus Actinopolyspora were smooth-surfaced with no sterile mycelium between individual spores, and the genus Halopolyspora formed warty-surfaced spores and could grow optimally at 45 C. Strain AFM 10258 T was an extremely halophilic actinomycete that could grow with 35 % NaCl but not without NaCl, whereas members of the genera Saccharopolyspora (except Saccharopolyspora halophila, Saccharopolyspora qijiaojingensis and Saccharopolyspora lacisalsi) are nonhalophilic actinomycetes that can grow without NaCl but not with 15 % NaCl. Moreover, strain AFM 10258 T exhibited some chemotaxonomic differences from the reference genera. Strain AFM 10258
T had iso-C 15:0, iso-C 16 : 0 and anteiso-C 17 : 0 as the major fatty acids, and phospholipids containing phosphatidylmethylethanolamine, whereas members of the genus Halopolyspora contained iso-C 17 : 0 as an additional major fatty acid but phosphatidylmethylethanolamine was not found in the polar lipids. Strain AFM 10258
T contained MK-9(H 4 ) as the predominant menaquinone, whereas members of the genus Actinopolyspora contained MK-9(H 4 ) and MK-10(H 4 ) as the predominant menaquinones.
Therefore, on the basis of differences in phenotypic and phylogenetic characteristics, we consider that strain AFM 10258 T represents a novel species of a new genus, for which the name Haloactinomyces albus gen. nov., sp. nov. is proposed.
DESCRIPTION OF HALOACTINOMYCES GEN. NOV.
Haloactinomyces (Ha.lo.ac.ti.no.my¢ces. Gr. n. hals, halos salt; Gr. fem. n. aktis, aktinos a ray; Gr. masc. n. mukês fungus; N.L. masc. n. Haloactinomyces salt-loving ray fungus, referring to a halophilic actinomycete). Aerobic and Gram-stain-positive. Aerial mycelium is welldeveloped, branched and forms long chains of arthrospores. The spores are non-motile, spherical, rugose-surfaced, and separated from each other by sterile mycelium. Fragments of substrate mycelium are observed. Optimal growth occurs with 20 % (w/v) NaCl. The cell wall contains meso-diaminopimelic acid as the diagnostic diamino acid and galactose and arabinose as the major whole-cell sugars. Cells contain diphosphatidylglycerol and phosphatidylcholine as diagnostic phospholipids. Major fatty acids (>10 %) are anteiso-C 17 : 0 , iso-C 16 : 0 and iso-C 15 : 0 . The predominant menaquinone is MK-9(H 4 ).
The type species is Haloactinomyces albus.
DESCRIPTION OF HALOACTINOMYCES ALBUS SP. NOV.
Haloactinomyces albus (al¢bus. L. masc. adj. albus white). and closely related species of the families Pseudonocardiaceae and Actinopolysporaceae. Bootstrap values, expressed as percentages of 1000 replications, are given at the branching points. GenBank accession numbers are given in parentheses. Asterisks indicate branches of the tree that were also recovered with the maximum-likelihood and maximum-parsimony tree-making algorithms. Bar, one substitution per 100 nt.
